Aim: We aimed to elucidate the accuracy and optimal cut-off point of the self-diagnosis of influenza and the associated clinical symptoms of children by their guardians, compared with those of the rapid influenza diagnostic test (RIDT). Background: Seasonal influenza is a common outpatient problem during the winter season. A paediatric influenza epidemic has socio-economic impacts like temporary school closure, school event cancellations, and unscheduled work absences among parents. Hence, early identification and assessment of influenza to prevent its spread is important from a societal perspective. Method: We performed a cross-sectional observational study in a rural clinic in Japan every winter season from December 2013 to March 2016. We retrospectively extracted information from the medical records and pre-examination checklists of 24 patients aged <12 years (mean age, 5.4 years; men, 54.2%). The data extracted from the medical records and pre-examination checklist included the baseline characteristics (age, sex and past medical history of influenza), clinical signs and symptoms, diagnosis by guardians (%) and RIDT results. Findings: The optimal cut-off point of the self-diagnosis of influenza by guardians was 80%, with a sensitivity and specificity of 63.6% (95% confidence interval: 30.8-89.1) and 92. 3% (64.0-99.8). At a 50% cut-off point, the sensitivity and specificity were 90.9% (58.7-99.8) and 53.8% (25.1 − 80.8). The accuracy of feeling severely sick, as estimated by the guardians showed a sensitivity and specificity of 90. 9% (58.7-99.8) and 69.2% (38.6-90.9). Our study indicates that the diagnosis of seasonal influenza by guardians to their children would be useful in the establishment of both confirmatory diagnoses when it has high probability above the optimal cut-off point (80%), and exclusion diagnosis when it has low probability (50%). Not feeling severely sick, estimated by the guardians might be a useful indicator for the exclusion of paediatric influenza.
Introduction
Seasonal influenza is a common outpatient problem during the winter season (Infectious Disease Surveillance Center, 2016) . In 2010, among the patients who were less than five years old in Japan, 2.3 million were influenza-associated outpatients (Infectious Disease Surveillance Center, 2010). Moreover, 1.9/1000 influenza-associated hospitalizations occur annually. Meanwhile, in the United States, 1.1/1000 influenza-associated hospitalizations occur annually among patients who were less than five years old (Thompson et al., 2004) . A paediatric influenza epidemic also has socio-economic impacts, such as temporary school closure, school event cancellations and unscheduled work absences among parents (Uchida et al., 2013) . Hence, early identification and assessment of influenza to prevent its spread is important from a societal perspective.
Although the self-diagnosis of influenza is important in the control and management of the spread of this disease, influenza in children, especially those who are very young, may be difficult to self-diagnose. In New Zealand, the qualitative accuracy of influenza diagnosis by guardians or proxies, in children aged <18 years (one to four years, 47.2%: five to nine years, 21.4%) was reported during the 2009 influenza pandemic (Jutel et al., 2011) . However, to the best of our knowledge, the quantitative accuracy of self-diagnosis has not been studied. Therefore, we aimed to elucidate the accuracy and optimal cut-off point of the self-diagnosis of influenza by guardians to their children and clinical symptoms compared with those of the rapid influenza diagnostic test (RIDT).
Methods
We performed a cross-sectional observational study to elucidate the clinical effectiveness of the self-diagnosis of seasonal influenza by guardians to their children in a rural clinic in Towada-shi, Aomori, Japan (Towadako Clinic), which as a population of about 500 individuals (about 30 children aged <12 years).
Data collection
The patient data for three influenza seasons from December 2013 to March 2016 were retrospectively extracted from medical records and pre-examination checklists. The following three inclusion criteria were applied: (1) aged <12 years old, (2) suspected to have influenza (eg, presence of upper respiratory tract symptoms or fever) and underwent RIDT, and (3) checklist completion by guardians in per cent figures.
The data extracted from the pre-examination checklists, which were filled out before medical consultation, include the baseline characteristics (past medical history of influenza), clinical symptoms (cough, joint and muscle pain, and history of fever including 'acute or sudden fever' and 'gradual fever' or 'absence of fever'), symptom duration starting from the onset, severity of feeling sick compared with a common cold (severe, similar or mild), and selfdiagnosis (%). Concurrently, the data extracted from the medical records included the baseline characteristics (age and sex), clinical signs (axillary temperature at the clinic and pulse rate), and RIDT results (QuickNavi-Flu, Denka Seiken Co., Ltd., Japan).
Statistical analysis
The receiver operating characteristic curve was performed to estimate the optimal cut-off point of the self-diagnosis of influenza by guardians. To that end, its sensitivity and specificity were determined using multiple cut-off points. All statistical analyses were conducted using EZR version 1.32 (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a modified version of R Commander, a frequently used software in biostatistics that is designed to add statistical functions (Kanda, 2013) .
Ethics statement
A full ethical approval was granted by the Medical Ethics Committee of Hirosaki University (approval number: 2016-1078). All data were fully anonymized at the time of the data collection, and the committee waived the requirement for informed consents. The participation of patients was obtained through an opt-out methodology.
Results
In our study, the data of 24 patients (mean age, 5.4 years; male, 54.2%) were analysed (Table 1) . First, we estimated the accuracy of influenza diagnosis by guardians. The area under the curve (AUC) of the self-diagnosis (%) was 0.82 (95% confidence interval: 0.65-0.99) ( Figure 1 ). The optimal cut-off point was 80%, at which the sensitivity, specificity, positive likelihood ratio (LR+), and negative likelihood ratio (LR-) were 63.6% (30.8-89.1), 92.3% (64.0-99.8), 8.3 (1.2-57.3) and 0.4 (0.2-0.9) ( Table 2) . At a 50% cut-off point, the sensitivity, specificity, LR+ and LR-were 90.9% (58.7-99.8), 53.8% (25.1-80.8), 2.0 (1.1-3.7) and 0.2 (0.1-1.2) ( Table 2 ). In the subgroup of patients who had been previously infected with influenza (n = 12), the accuracy of the self-diagnosis by guardians at an 80% cut-off point was estimated to have a sensitivity and specificity of 62.5% (24.5-91.5) and 100% (28.4-100.0).
Second, we validated the accuracy of the axillary temperature and pulse rate. The AUC of the axillary temperature was 0.48 (0.07-0.90), and a statistically significant difference was observed between the self-diagnosis by guardians and axillary temperature (Z = -0.74, P = 0.46). In contrast, the AUC of the pulse rate was 0.63 (0.10-1.00), and a significant difference was not found between the self-diagnosis by guardians and pulse rate (Z = -0.35, P = 0.73). DeLong's test under a Bonferroni correction was performed twice to compare the correlated AUC, which showed statistically nonsignificant results. Despite these statistical results, the accuracy of the self-diagnosis by guardians tended to be higher than that of the pulse rate, which did not change the clinical interpretation. Finally, we examined the accuracy of other clinical signs (Table 3) . The presence of joint and muscle pain had an LR+ of 4.73 (0.62-36.3), which was non-significant. In this small-sized pilot study, the sensitivity of fever or cough was 100%. The accuracy of feeling severely sick, as estimated by guardians, had a sensitivity, specificity, LR + , and LR-of 90.9% (58.7-99.8), 69.2% (38.6-90.9), 2.96 (1.28-6.82) and 0.13 (0.02-0.88).
Discussion
Our study indicates that the diagnosis of seasonal influenza by guardians to their children would be useful in the establishment of both confirmatory diagnoses when it has high probability above the optimal cut-off point (80%), and exclusion diagnosis when it has low probability (50%). Moreover, the absence of feeling severely sick, as estimated by guardians, might be a useful indicator in the exclusion of paediatric influenza.
Diagnosis of influenza
Reverse transcription polymerase chain reaction is the gold standard for the diagnoses of influenza. However, this test is usually difficult to carry out, especially in rural clinics in Japan. Therefore, influenza is commonly diagnosed through RIDT (sensitivity, 62.3% [57.9-66.6]; specificity, 98.2% [97.5-98.7]) (Chartrand et al., 2012) . This test has relatively low sensitivity, especially when used within 12 h from the onset of patient symptoms (Mitamura and Sugaya, 2006) . In our study, the average duration from symptom onset to RIDT performance was 34.9 h. More than 80% of patients were examined more than 12 h from symptom onset. Despite the negative RIDT results, patients who were strongly suspected to be infected with influenza were usually re-examined after a sufficient time have passed from the symptom onset. In our study, four patients were re-examined, and one of them had positive result. In the Japanese system where patients have free access to medical institutions, patients with negative RIDT results occasionally consult another physician, especially when they are not satisfied with their results. However, considering that our study was performed in a rural area, the lack of information appears to be very low because patients often have limited access to other medical institutions.
Diagnosis by guardians and clinical symptoms
The AUC of the per cent diagnostic evaluation by guardians was 0.82, which is statistically classified as moderate accuracy. The 80% cut-off point showed high specificity ( (Jutel et al., 2011) . The evaluation of severity of feeling sick compared with the usual cold was also useful (Table 3 ). In fact, as the severity of feeling sick increased, the diagnostic probability also increased (Spearman's rank correlation ρ 0.47, P = 0.02). To that end, the guardians might estimate the probability of influenza based on the patients' reported severity of feeling sick (Kruskal-Wallis test, P = 0.08) ( Figure 2 ). Among the clinical symptoms, the absence of cough or fever was associated with reduced likelihood of influenza, which could be useful in ruling out influenza (Table 3) . This finding is similar to that of Jutel and Banister (2013) . No other single clinical sign was found to be useful in ruling in or out influenza among the population of our study.
Diagnostic value of patients' explanatory models
Self-diagnosis is a part of the patients' explanatory models (Lang et al., 2000) , which refer to the notions about an episode of sickness and its treatment that are utilized by all those engaged in the clinical process (Kleinman et al., 1978) . A better understanding of the parents' explanatory models can promote an effective communication between physicians and patients (Kai, 1996a; 1996b) and increase the patients' satisfaction with their medical visits (Lang et al., 2000; Robinson and Heritage, 2006) . Moreover, the display of empathy by the physicians to the patients' parents (guardians) can alleviate anxieties (Wasserman et al., 1984) and empower them (Kai, 1996a; 1996b) . However, the confirmation of the parents' explanatory models is often believed to be not beneficial in the establishment of a medical diagnosis, except for mental illness. In contrast, the findings of our study indicate that the patients' explanatory models could result to improved medical diagnosis of physical illness.
Societal perspectives on diagnosis by guardians
The early detection and prevention of paediatric influenza epidemic is socially important because it has socio-economic impacts, such as temporary school closure, school event cancellations, and unscheduled work absences among parents. An increase of two to three times in the influenza prevalence rate was observed among families with schoolchildren (Woodall et al., 1958) . In the United States, the total economic burden of influenza epidemics among all ages was reported to be US$ 87.1 billion per year (Klepser, 2014) . Meanwhile, school district closures reduced the prevalence rate of acute respiratory illness in a community by 45% and decreased the number of emergency department visits due to influenza (Copeland et al., 2013) . In Japan, the diagnosis of influenza is important in view of school health policies because schoolchildren with influenza are prohibited from attending school until they can no longer transmit infection to others, based on the School Health and Safety Act. We hope that our study will contribute to the avoidance of an influenza-related social burden through the early detection and prevention of influenza epidemics.
Limitation of the study
Our study has limitations to consider when interpreting the results. First, electronic health record system is not widely used in Japan; moreover, most rural clinics do not have an electronic medical records system, and instead, use a traditional paper medical record system. This includes the clinic where our research was conducted. Thus, we could not analyse the following data: (1) guardian characteristics (eg, age, sex, and academic background); (2) influenza vaccination status (influenza vaccination in Japan is provided on an outpatient bases under a free access system; therefore, records of influenza vaccinations are not linked to the patients' information stored at clinics); (3) information on patients who did not visit the clinic. Second, the sample size of our study was very small although all influenza patients of the target age who underwent RIDT were included in the analysis. The research was conducted in a rural village with a population of about 500 individuals, including about 30 children aged <12 years. We retrospectively extracted limited data that quantitatively evaluated the self-diagnosis of influenza by guardians to their children. Therefore, a prospective study with a larger sample size, including data on guardian characteristics and influenza vaccination status, should be conducted in the future. Finally, our study was undertaken in a rural area of Japan. The reliability of the medical information was high owing to the somewhat isolated nature of the rural area. However, results might vary under different conditions, such as different regions (eg, urban versus rural areas), different patient backgrounds, and the influenza epidemic situation.
Conclusion
We investigated the accuracy of self-diagnosis of seasonal influenza by guardians to their children. The 80% cut-off point showed high specificity, whereas the 50% cut-off point exhibited high sensitivity. The absence of feeling severely sick, as estimated by guardians, might be a useful indicator for ruling out paediatric influenza. Physicians should ask the guardians of the patients to provide their explanatory models to facilitate better discussion of the condition and elicit more accurate clinical diagnosis. 
